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ABSTRACT Background
The ageing population is taking an increasing number of both prescribed and non-prescribed medication.
Little is known of the potential for adverse drug reactions between these. Warfarin is a commonly prescribed medication, well known for its potential to cause serious adverse reactions in combination with many prescription medicines. It has been suggested that herbal medicines such as garlic, either as a dietary supplement or in cooking, may also interact with warfarin, resulting in poor international normalised ratio (INR) control.
Aim
To determine whether, for patients who take garlic as well as warfarin, the proportion of the INR tests in range is lower than in comparable patients who do not take garlic.
Design of the study
Retrospective study of patients taking prescribed warfarin.
Setting
Primary care practices in Somerset and Devon.
Method
Three controls (not taking garlic) matched for age, sex, and general practice were compared with each patient self-reporting taking garlic as a supplement. INR results were assessed for the preceding 12 months. Potentially confounding factors were considered, for example diabetes mellitus; all prescribed medication; any bleeding episodes.
Results
No evidence was found to suggest that garlic consumption either as a supplement or in cooking is associated with more frequent haemorrhagic complications or less control of INR. Poor INR control may, however, be associated with taking larger numbers of prescription medicines, particularly during prescription changes.
Conclusion
Further research would be warranted into whether increased INR monitoring is needed when drug changes are made. These data render clinically significant interactions between warfarin and garlic intake unlikely.
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international normalised ratio (INR), 12, 14 although the evidence presented in review articles appears to be limited to anecdote and occasional case reports. [15] [16] [17] It is uncertain whether increased bleeding times, if a real effect, are due to reduced platelet function, [18] [19] [20] [21] or prolonged prothrombin or partial thromboplastin times. 22 When undertaking a prevalence study in the south west of England, 4 the authors found that in a population of 1360 patients on long-term warfarin, approximately 100 (7%) were taking garlic as well as warfarin. The study did not investigate the control of INR in relation to garlic ingestion, and therefore this retrospective study was conducted to test whether INR control is jeopardised if patients take garlic and/or other prescription medicines.
The present study aimed to answer the question: for patients who take garlic as a dietary supplement as well as warfarin, is the proportion of their INR tests in range lower than in comparable patients who do not take garlic? Secondary objectives were: to assess the effects of prescription medicines and garlic (as a supplement or in cooking) 7 on INR control, and the number of major bleeding episodes and disease complications.
METHOD
In the autumn of 2005, all general medical practices in Somerset and Devon that participated in the original WHIST (Warfarin Herb Interaction STudy) study 4 were invited by letter to take part in this second study. Each participating practice was paid between £50 and £200, depending on list size, to cover their administrative costs. Approvals were obtained from both the Somerset and Devon Ethics Committees and primary care trusts. It is standard practice in these two counties for patients on warfarin to be monitored solely by their GP, who receives INR results and then advises the patient on any dose changes that may be required and the time interval until their next INR test. A few practices test the INR within the practice (near-patient testing), and a small minority of patients are managed by secondary care.
Those practices that agreed to take part searched their electronic patient databases to identify all patients who were taking warfarin, and sent them an invitation letter, information sheet, consent form, freepost envelope, and questionnaire. This questionnaire was based on that used in the previous study (available on request). 4 Two weeks later, a short reminder was sent by practices to all patients who were sent the original mailing. Replies were returned to the central research office. Practices were excluded if they did not use electronic patient records. Patients were excluded if: they had been taking warfarin for less than 3 months, were terminally ill, <18 years of age, unable to read English, or unable to understand the consent form (for example, those with dementia). Participating practices were responsible for excluding these patients from their mailing lists.
Three controls (not taking garlic) were compared with each patient self-reporting taking garlic as a supplement. The returned questionnaires were used to identify those patients taking garlic supplements. For each such patient, the three controls that most closely matched were selected from those patients on warfarin who had reported not taking garlic. Controls were matched on age (within 3 years), sex, and general practice. 6, 7, 23, 24 The signed consent form gave permission for the researchers to review patients' primary care medical records. Two research assistants visited participating practices and searched the patients' GP electronic records for the 12 months prior to the consent date, without being aware of which patients had been taking garlic: a standard proforma was used for extraction. All INR results with dates were noted, as well as a number of potentially confounding diagnoses, for example diabetes mellitus, all prescribed medication, and any bleeding episodes. Patient questionnaires were relied upon to record herbal intake of garlic and frequency of use in cooking.
The primary outcome measure was the proportion of INR tests in the target range within the 12-month period prior to the signed consent date; it was assumed that the index INR applied to the whole time period back to the previous INR result. Secondary outcome measures were: the percentage of time INR was within the target range, average number of INR tests undertaken in previous year, and incidence of bleeding side-effects.
Based on a systematic review, 25 it was expected that approximately 60% of INR test results would be within the target range. To detect a 10% change in this figure with a power of 80% and P = 0.05, the study would need 75 patients taking garlic and 225 controls. With the planned size as above it would have been possible to detect a change of 20% in adverse effects.
Useable replies were entered onto a database and SPSS was used for analysis. Descriptive data are presented summarising the outcome measures within the two groups of patients. Planned independent
How this fits in
For some patients prescribed warfarin, it proves difficult to maintain blood coagulation levels within the range required. A number of possible contributory factors have been suggested for this, including the use of garlic as a dietary supplement or in cooking. In this retrospective study of 1130 patients, it was found that interaction with other prescription medicines, particularly those newly prescribed, was of greater significance than the ingestion of garlic.
variables included reason for taking warfarin, duration of warfarin treatment, presence or absence of coingestion of garlic in cooking, age, co-ingestion or not of other medication known to affect INR and/or blood clotting, and diabetes mellitus. Associations were tested using either Student's t-test, Pearson's χ 2 , Mann-Whitney U test, or Spearman's ρ. Prescribed medication was classified as potentiating (definitely or possibly), no effect, or inhibiting (possibly or definitely) the effect of warfarin on the INR according to the British National Formulary.
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RESULTS
Of 87 practices invited, 21 took part. These practices identified 1790 eligible patients, of whom 1130 (63%) returned consent forms and questionnaires. Fifty-four patients reported taking garlic as a dietary supplement: 39 took it daily, nine most days, and five weekly (one not known); they had taken it for variable durations (<1 year, n = 7; 1-4 years, n = 14; 5-9 years, n= 10; ≥10 years, n = 21 (not known, n = 2). Of 205 patients, 39 never used garlic in cooking, 99 used it occasionally, 41 weekly, 20 on most days, and six used it daily (11 not known). Those taking garlic supplements were more likely to use garlic regularly in cooking (P<0.001) and to take other supplements (P<0.001; Table 1 ). No significant differences were found for other important variables (Table 1) .
Patients were taking a wide range of prescribed medication. It was noted for each of these whether the patient had taken it continuously for the 12 months prior to consent, taken it intermittently, for example an antibiotic, stopped it having taken it as a regular repeat, or started it as a regular repeat, for example a blood pressure-lowering tablet (Table 2) .
Thirty-two patients suffered abnormal bleeding (28 rectal bleeding, three subconjuntival haemorrhage, and one extensive skin bruising); the incidence of abnormal bleeding was similar between the two groups (9.3% of the 54 taking garlic supplements L Smith, E Ernst, P Ewings, J Allen, et al 3-46) respectively. The median (IQR) number of occasions when the INR results were low, in the target range, or high were 2 (1-5), 9 (7-11), and 2 (1-3) respectively.
Thirteen patients suffered thrombotic episodes (10 deep vein thrombosis, one pulmonary embolus, one transient ischaemic attack, and one stroke). These events were not associated with either taking garlic supplements (5.6% of 54 versus 6.2% of 162; Fisher's exact test P = 1.00) or garlic in food (Mann-Whitney U test, P = 0.73).
Use of garlic and OTC medication and INR control
Taking garlic as a dietary supplement was not associated with deterioration of INR control. The median (IQR) number of INR tests within the target range was 65% (49-79%) for those not taking garlic supplements and 69% (52-82%) in those taking them (Mann-Whitney U test P = 0.24). Excluding those patients not taking warfarin and/or those not taking garlic for at least 1 year did not affect these results (P = 0.27). Garlic supplementation was not significantly associated with the median percentage of tests either higher or lower than the target range (Table 1) . Garlic in cooking was not significantly correlated with the percentage of tests above, below, or within the target INR range (ρ = 0.11, P = 0.12; ρ = -0.08, P = 0.29; ρ = -0.02; P = 0.75 respectively). The taking of any OTC medication was not significantly associated with INR control (results not shown).
Prescription medication and INR control
Many patients were given drugs that are known to interact with warfarin ( Table 2 
Medical conditions and INR control
The percentage of INR tests in the target range was significantly associated with patients having a heart valve replacement (Mann-Whitney U test, P = 0.006; median [IQR] = 48.7% [32.0-75.3%] with heart valve replacement versus 67.4% (56.0-80.0%) without heart valve replacement) but not with patients experiencing atrial fibrillation, heart failure, prior cerebrovascualr accident, prior thrombosis, or ongoing diabetes mellitus (results not shown). However, the percentage number of tests below the target range was associated with heart valve replacement (P = 0.039; (18.5% (3.4-28.6%) heart valve replacement versus 6.2% (0-17.6%) no heart valve replacement), heart failure (P = 0.025; 1.1% [0-8.1%] with heart failure versus 8.8% [1.9-20 .9%]), and with atrial fibrillation (P = 0.027; 12.0% (0-25.0%) with atrial fibrillation versus 20.0% (7.7-28.8%) without atrial fibrillation).
DISCUSSION
Summary of main findings and limitations of the study
No evidence was found to suggest that garlic consumed either as a supplement or as a foodstuff is associated with more frequent haemorrhagic complications or less control of INR. However, it was found that many patients on warfarin are being prescribed medication by their GP, that can affect INR control. In particular, poor INR control appears to be associated with taking larger numbers of prescription medicines, particularly during prescription changes. These findings are consistent with several scenarios. First, garlic might not interact with warfarin in a clinically relevant fashion. This is not an unlikely possibility as the documentation of such an interaction is based on less than convincing data. Second, the present study might have failed to detect a true interaction. Obviously observational data are plagued by a host of confounders, and also the size of this study might have been too small to detect a true difference in those taking garlic.
Comparison with existing literature
It is known that poor INR control is associated with antibiotic prescription and newly prescribed potentiating medication. 7, 9 The present study found that around a quarter of patients experienced such prescription medication changes during the study year. Such changes may well affect INR control and lead to either bleeding complications or complications of the disease for which the warfarin is prescribed. The study finding that poor INR control is associated with larger numbers of prescription medicines is consistent with published studies. 6, 27 However, it was found that INR results were more likely to be below the target INR range, reducing the chance of bleeding complications; this may be because GPs were advising patients to reduce their warfarin dose because they were aware of the potential for interaction. Clearly, however, lowering of the INR would put patients at higher risk of complications of their disease process, for example thrombosis.
The ageing population is taking increasing numbers of drugs. 1 This could lead to compliance problems. In the absence of certainty, it can be argued that patients and their professional carers should be cautious about the possibility of interactions between herbal or prescription medicines and warfarin. Patients only rarely discuss their non-prescription medicines with their GPs, 4 and underestimate the risks of both prescribed 28 and herbal medication. 4 The new GP contract puts a clear responsibility upon GPs to regularly review patients and to ensure that treatments are based on sound evidence. 1 This has led to more prescriptions being issued; adverse drug reactions are associated with both age and the total number of types of drug being taken. 6 There are effective ways of educating patients about their medication. 29 The authors suggest that this should include an enquiry about herbal medicine use, particularly with those at high risk, such as older people and those taking warfarin. 30 Where control of INR is poor, it is expected that GPs would explore whether herbal medications or other OTC preparations that might affect the INR are being taken.
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Implications for clinical practice and future research
The authors argue that the effect of prescription changes warrants further exploration, as the prevalence of interaction is around the same level as for herbal and complementary medicine self-medication. 4 There may well be certain clinical scenarios when such discussion will become mandatory in the future, such as certain diseases, for example diabetes, malignancy, 6, 7, 23 and certain genetic variants, 31 or when INR control is difficult to achieve. Further research would be warranted into the potential for interactions between any oral therapy and warfarin in terms of adverse effects, advice to patients, and whether increased INR monitoring is needed when drug changes are made.
